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FAST-EXTRACTION MODULATORS FOR LO3 ALAMOS SCIENTIFIC LABORATORY
PROTGN STGRAGE RING

W. C, Nunnaily, D W. Hudgings, and W. J. Sarjeant
Los Alamos Scientific Laboratory
?. 0. Box 1663
Loc Alamos, NM E7545

Introduction

The Proton Storage Ring (PSR) non being designed
at the Los Alamos bdcientific Laboratory (LASL) will ac-
cumulate B00 Mev of protons from the Los Alamos Meson
Physics Facility linear accelerator and deliver them in
intense bursts to neutron production targets at the
Weapons Neutron Research Facility, Two modes of opera-
tion are planned, |In the short-bunch mode, the protons
are accumulated for 110:. s into six circulating bunch-
26, each of nanosecond vidth every 8,3 ms, and are ex-
tracted at a rate of 720 bunches/s. In the long-bunch
mede, 8 single 270-ns bunch is accumulated in 700 .5
every 67 ms, Each bunch is extracted within a few
Ticroscconds after accumu:ation is completed. The cir-
culation period of protons in the PSR is 360 ns.

Dasign and Reliability Considerations

A bunch trajectory Jeflection of 6 mrad is re-
Juired for extraction from the PSR. This requires a
matnetic field path of 300 G-m (Gauss-meter;. Because
nf the requirement for fast risetime and good pulse fi-
de Vity, the "magnet" {s a parallel-plate transmission
Yine 4 r lony, schomatically {llustrated in Fig. 1.
T force on g proton moving betweer the plates s
Fosqg o+ NVx B =g 1« 3, where w e /e =GR s
the pratas velacily exprassed as a fraction of the ve-
Tacity of Tight, ang ¢t = '[! for TEM wave propaga-
tion in vacaum,  The deflection pulse is propajated in
the diveetior gpposite that of the protons to qet addi=
tive »"tects of olectric and magnetic forres,

The ter sides of the transmission lines are driven
atih oputses of opprsite polasity, resulting Inoa vire-
tyal grannd at the midpla.e,  The impeaance seen by the
palse generator 5 50 for cach plate relattie to
ronand, For a 19 cm aperture (separatian betlween
wtedpline elamenty), a voltage of * 50 kV is required,
ine pulse parameters fer the short- and lonq-hunch=mode
aodalators are Tisted 0 Tabln |,

A nunher of desigqn requirements follnw fram the
applization of the modulators in a working areelerator
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Fig. 1. PSR extraction modulator schematic,

TABLE )
PSR FAST EXTRACTION MODUL ATOR
PULSE PARAMETERS

PARAMETER SHORT BUNCHMODE _ _ LONG BUNCH MODL
FIRPOST Remnye Single im Proton Bunches  Ren ovr Bivgls 270 nv Provn By ven
MULSE VOLTACS 1*th 1 50ay & 50uy

PULSE CURRAENT 18 1 WA Mt 117 Y

PULST MIEETIME © 30m Wm

PULEE FALLTIME © 30m Not crineat

PULSE BASE WIDTH - B0m MOns

PLERCENT AF TER PULEE RINGOUY e Nal reiwat

PULSE ATPITITION HATE 120m, 12 120H,

I AK POWIR 100 MW 100 M

AVERAGE FOWIR 4 W 043 4 v
facility, Be.ause of the limited downtime acceptable

to the user and the limited operating budgets, all nf
the modulator components must have a long lifetime,
Hinh reliabllity is essential since the consequonce of
improper deflection {s beam spillage, which mihes the
POR radioactive,  Thus the fathrc rate in the lony-
bunch mode should not exceed 1077,

Pulse-Generator Systems

The desvelopment of the short-bunch mode, fast-
extracticon modulator prototype is detailel in this re-
port., Similar systems will be used for the lonj-bunch
mode, fast-extraction modulator. The short-bunch-mcds
modutator presents the largest technoiogical challengn:
the lona-hunch modulator problems are similar tut leus
demanding,

A symmetrical generator system 1is desired to ro-
duce the deflection voltage levels required with 1
spect to ground. In addition, it is desirable to use
som¢ type of voltage multiplicatinn s.<tem to reduco
the required switch operating voltage and thus iIncrease
reliability, Several pulse-forminc network (PFN) type
pulse-generator Systems were evaluited because of the
square pulse shape desired. The requirement for nini-
mum prepulse favors a switched PFN that prevents charg-
ing transients {n the load as shown iIn Fig, 2a. How-
ever, the switch of Fig. 2a must operate at .wice the
desired outpu! voltage, and some form of voltage inver-
sfon (transformer) or double, oppositely charqud, sys-
tem must be used to obtein the required push-pull out-
put. The basic Blumlein system of Fig. #h can be used
to reduce the switch operating voltage to that of the
desired output-pulse voltage, bat the 1line charging
current must flow through the load, causing a prepulse,
A dual, oppositely charged, Blumlein-line scheme can b
configured to provide push-pull outputs as shown In
Flg. 2c, but aga‘n the switch must operate at twice the
single output vyltage and must be dc isolated with re-
spect to ground for the charging potentials,

A new Ferrite=]solatod Blumlein=(FIB) Yine circait
was dovelopad at LATL te alleyiate the abeve problems
and s shown In Fig, 30 This circultl uses one element
to switeh two Blumledn Tinew in parallel ('natead of ir
serfes a: in Tig, 2¢) and ferrite induc tive (selation
to provide bipalar output pulsen,  Compuler networs
analysis indieaten that the sim of the outputl pulses i
© 0.01% of the absolute value of wvach,  The 1B line
circuit can also reduce the charaing currents that flow
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Fig. 2. Pulse generator circuits,
(A} Switched PFN circutt,
(B) Basie Blumlcin-line current,

(C) Plus-mirus charged dual Blunlein-1ine circuit,
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through the lcads. If the circuit is charged at two
points from the same source, the prepulses can be re-
duced to <1% of the output voltage.

The pulse-generator system of Fig, 3 was fabri-
cated using 45 ns (15 ft), 23-7 coaxial cable (17/14)
lines and 50- " output cables. Sixty Ferrocube Type
€38, 2-in. o.d. ferrite toroids per line provide suffi-
cient inductive isol:“ion for the short-bunch mode when
the cable is threaded through them, as shown in Fig. 4.
The assembly is switched with an EGAG HY-3024 gradient-
grid thyratron for increased voltage hold-off reliabil-
ity. The tube 1is mounted, as shown 1in Fig. 5, in a
low-inductance shroud on an EG&G TM-42HV isolation sys-
tem, The switch tube rises to one-half the output
voltage during the pulse. Initially, the tube was
triggered with a 2.5-kV positive pulse (unloaded) from
an SCR-switched PFN added to the negative bias at grid
G2 and a positive bias on Gl, as shown in Fig. 6a. The
resulting pulse shape, shown in Fig. 6b, indicates an
unacceptably long turn-on time for the tube, Seéveral
other trigger configurations were investigaled and are
choan with their resultant output pulses in Figs. 7 and
8, The jitter for the trigger arrangements of Figs, 6-
& was excessive, ranging from 210 to *200 ns. A trig-
ger booster consisting of an 8.5-", l-u:s PFN switched
by an EGAG HY-6 thyratron in the cathode follower cir-
cuit of Fig., 9a was inserted between the original trig-
ger unit and the HY-3024, Three overlays of the re-
sulting ou -t pulse shape are shown in Fig. 9b, indi-
cating low total system jitter (1-2 ns) and very good
circuit=-limited pulse shape. The voltage on the trig-
qer booster was reduced from 4 kV to 1 kV with little
deterioration in pulse rise- and falltime !/ - 10% in-
crease), The delay time from Looster anode voltage
fa!l to HY-J04 anode fall is about 55 ns, The trigner
boastar pulse length was reduned from 1 s to 240 ne
withoal any absorvable change in delay, jitter, or out-
put pulse shape. Note that the after-pulse ringout fis
areater than that desired, but can be reduced by match-
ing the pulse generator to the load more closely,

Cnavgiry System

The charging system s required to rharqge the
Blmledn lines (5 nF) tr 50 kY. The desire for high
reliability is manifest in the choice of a charging
~ystom that uses a combination of resonant and trans-
torner palse charging,  The charging clrcuit is shown

Fig. 4,

FID line,

Fig. 5.

Thyratron shroud and deck.

in Fig. 10. Ideally, a 10:1 voltage step-up trans-
formerr would be used to charie the Blumlein lines to
50 kV from an intermediate capacitor resonantly charaqed
to & kV, However, the stray capacitances are a siia-
ble fraction of the FIB line. Thus the intermediite
encrgy storage capacitor must be resonanily cha-and Lo
6.2 kV in order to charge the FIB line to 5C tV. The
intermediate energy slorage capacitor is resonantiy
charged in 750 15, Then the transfarmer systrm chargen
the Blumlein lines tu 80 kV in -4 5, Tho main o um-
lein-1ine switch s triggered within 100 ¢ fter
charging so tnat the hiagh-vollage system is enie: e
for cnly a short time, reducing prefire prohalility,
The transformer backswing also assists in turning off
the charge thyratron (initially an [GAG HY-2N."' sn
that hoth switches are not closed simultareously to re-
ducre fault problem ., The charae lhyratron is a /V-iV
un't, hut it s operated at only 6.7 LV to roduce pre-
fire- and inc=case reliubility, The veltage on the in.
termediate energy storage capacitor is regalsted with
A reactive de"Q" circult! alqe dllustrates in g,
10, The valtage on the {ntermodiate rapacitor s monis
tored during the charging cycle awd Lhe de™(Q" vast:h 1e
clesed when the voltange reaches tne desired vala,
Clnasina "he switch returns any residual energv storod
fr the cnarging chuke to the 'ow-tmpedance power-sapply
filter capacitor and thus prevents the intermedinte en-
erqy storage cagacitor from chargina further, Tun
charge thyratron and bleching dindes recaive the Targ-
sutogverage and vme currenls,  The switchatube and di-
ode requirements ar: listed in Tahle 11, The charge

thyratron will prebably have to be o f-ir, FGRL tube
(173 A rms) Lo provide veliable long-Tife operairor v
Locomplete compitag

the 41 A rmy current required,
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Fig, o, Inftial trigger circuit and pulse output,



nr- 3020 TABLE II

. SHORT-BUNCH MODE
[ EXTRACTION MODULATOR SWITCH AND DICDE PARAMETERS
Charging Output Charging
| Parameters Switch Switch Diode
Operating voltage 6.2 kv 50 kv 50 kv
Peak current 1.3 kA 4.3 kA 120 A
Repetition rate 720 H2 720 Hz 720 Hz
Pulse width 3.5 us 50 ns 250 s
Average current 2.0 A 1.5 A 2.0 A
4) INVERTED TAIQOER CIRCUJT 8) OQUTPUT PULSE WAVEFORMS RMS current 43 A 18 A 6.0 A
- 104 4 ~104
Fig. 7. Inverted trigger circuit and pulse output. Lifet iine =107 H =10 H =10 H
. model of the charge system was used to check the thyra-
Wr- 3924 tron performsnce and the charaing etficiency of the
" : transformer circuit., The system charging, oxcluding
; the power supply, is about 80% efficient for this par-
i L } ticular circuit; most of the energy is lost to the
; 1 transformer stray capacitance, which is close to 10% of
ke | nY the Blumlein-1ine capacitance., The remainder is Inst
S 1 in the charge thyratron, the diode snubber, thn diudw
! 4 e T forward resistance, and the transformer magnetizing
B ': ult"' . reactance,
. ¢l .
K N “{ ) Charging Diode Tests
' “ The charging diodes for the ‘ast (4 u5) trans-
i " former charge system present several unusual require-
: ‘ - ments, First, the rms and average currents are larm,
A et Fient IRnut e CJRCUDY D) OUTFUY FULSE WaVE! RMY, as listed in Table 1|1, Sceond, the Chdl'giﬂg diodon

must turn or {in 1less than one-tenth of the current

Fig, 8. Double pulse trigger circull and pulse output.  pylse to prevent large anode dissipation, and must re-

- cover in less than one-tenth of the current pulse time

‘o prevent energy from returning ta the tranwfoarue

ove B e e aeve.. primary energy store. Several manufacturers' (icdnes

A I .* were tested for [-V turn-on characteristics, and alzn

d ] 1 . life tested singly at the current levels and repelition

[ L nr- 3024 rates present {n the actual circuit, The voltane and

\ T - current waveform; for several diodes from differ-nt
! roY manufacturers are shown 'n Fiq, 11,

|
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System Cons idarations

The ontire modylytar systom {4 moumted on oy hye
drantic seleges T table inside a tank af trane e
oil, as shown in Fig. 170 The output cabion are oo
to the deflection struclure within the protan ytorage
ring and ther on to 50- loads for diwwipation,  Th»
L 1t table permits easy accrus Lo the componenty for
” modificatior and matatonance,  Two separate bickem oy
temy “shortehunch and leng-bunch mode-.. will te gqed
separately with the same deflection structure,  The
modutator systom will be equipped with conpytorapro.
arammable time-delay units and power suppltes te peenit

A) TRIOOLA BOUTLR CIRCUI? B) OUTPUT PULBL Wwav! FORMY

Frg, 9, Trigaer booster clrcull and puise output,
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Fig, 10, Two=staqe resonant and transformer charqge circutt,



TOP: VOLTAGE 60V/DIV
BOTTOM: CURRENT B0OA/DIV
1 /DIV

a) DIODE A

TOP: VCLTAGE 60V/DIV
BOTTOM: CURRENT 60A/DIV
1 us/DIV

b) DIODE B

TOP: VOLTAGE 20V/DIV
BOTTOM: CURRENT 60A/DIV
1u8/DIV

¢! DIODE C

Fiq. 11. Diode voltage and current waveforms.
toopater control, The time-delay units wili ve ininr-
face' to Lhe modulator system by LASL fiber optic t- j-
gor links,

Life test of the prototype system and components
at the desired operating conditions will provide relia-
hility data for the final modulator systems,

Fig. 12.

Picture of shor:-bunch-mode modulator
protot\pe,

Conclusions

The development of a short-bunch mode fast-extrac-
tion modulator for the LASL proton storage ring has
made necessary the design and development of a resonant
transforrmer charging circult and the design of a new
FIB line circuit to provide bipolar pulse outpuls with
low prepulse, postpulse, and an optimum high-voltage
switch environmen's, The systems are now being fevel-
opnrd to operate reliably at the high-average powers re-
quired. The short-bunch mode fast-cxtraction modulator
prototype 1is presently operating, The initial con-
struction of the long-bunch mode fast-extraction modu-
lator prototype is under way, with results expected
within the year,
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